The anomalous neutral triple gauge boson couplings (aNTGCs) for the Zγγ and ZγZ vertices described by dimension-eight operators are examined through the process pp → l + l − γ at the HighLuminosity Large Hadron Collider (HL-LHC). We performed an analysis on transverse momentum of photon and angular distribution of charged lepton in the final state including detector effects. 
where Λ is the new physics scale, i runs over the label of the four operators expressed as
whereB µν is the B-field strength tensor.
The coefficients C BW (CP conserving) and C BB , C BW , C W W (CP violating) of dimensioneight operators describe anomalous Neutral Triple Gauge Couplings (aNTGC). The contributions from new physics is expected to be suppressed by the inverse powers of the scale of new physics. When the new physics appears at high energy scale, the largest contribution to the subprocess→ Zγ is expected from the interference between the SM and the dimension-eight operators. The resulting matrix-element squared for the process pp → Zγ
Here, the last term could be small due to the factor ∼ C 
II. CROSS SECTIONS
The leading order Feynman diagrams corresponding to the process pp → l + l − γ are given in Fig. 1 . In this figure, the first diagram contains the anomalous Zγγ and ZZγ couplings, and second diagram contains only the anomalous Zγγ couplings, while the others come from SM electroweak processes. The operators in Eqs. (2)- (5) are implemented through
FeynRules package [10] as a Universal FeynRules Output (UFO) [9] . After implementation of this UFO model file the cross section of pp → l + l − γ process at the center of mass energy of 14 TeV is calculated with MadGraph5_aMC@NLO [8] . In the study, we focus on CP-even C BW coupling and CP-odd C BB coupling because the deviation in cross section from its SM value for these couplings is larger than that for C BW , C W W as mentioned in Ref. [11] . The Fig. 2 shows the cross sections of the pp → l + l − γ process as a function of two dimension-eight couplings C BW , C BB . The cross sections are calculated via generator level cuts as follows:
• photon transverse momentum p γ T > 100 GeV
• photon pseudorapidity |η γ | < 2.5
• charged lepton transverse momentum p l T > 10 GeV and pseudorapidity |η l | < 2.5
• the invariant mass of final state charged leptons m ll > 50 GeV
• charged lepton -photon separation ∆R(l, γ) > 0.7, the separation between the charged lepton and photon in the pseudorapidity-azimuthal angle plane is defined by
For the calculation of cross sections, only one coupling at a time is varied from its SM value.
III. ANALYSIS FRAMEWORK
The study on effective dimension-eight aNTG couplings CB W , C BB and SM contribution as well as interference between effective couplings and SM contributions have been performed
For the detailed analysis we follow steps as shown in Fig 3. The signal and background events are generated with MadGraph5_aMC@NLO applying generator-level cuts for pseudo-rapidity |η l,γ | < 2.5, and transverse momentum p l,γ T > 20 GeV and passed through the Pythia 6 [12] for parton showering and hadronization. The detector effects are included by ATLAS detector card in Delphes 3.3.3 [13] package. Then, all events are analyzed with with ROOT [15] by using the ExRootAnalysis utility [14] .
For the event selection, we require one photon and at least two charged leptons (l ± = e ± , µ ± ); same flavor but opposite sign and the angular separation between lepton and photon ∆R(l, γ) > 0.7. As seen from 
Since the angular distribution of final state particles from signal and background processes are different, we have used this distribution as tool to obtain attainable limits on effective dimension-eight aNTG couplings. Distributions given in Fig. 4 and Fig. 5 are normalized to the number of expected events which is defined to be the cross section of each processes times integrated luminosity of L int = 3000 fb −1 .
In order to obtain 95% C.L. limits on the aNTG couplings, a χ 2 criterion with and without systematic error is applied. Here χ 2 function is defined as follows applied kinematic cuts presented in the text using cos θ * l distributions of the pp → l − l + γ process with L int = 3000 fb −1 .
Number of events χ 2 (δ sys = 0) χ 2 (δ sys = 3%) χ 2 (δ sys = 5%) applied kinematic cuts presented in the text using cos θ * l distributions of the pp → l − l + γ process with L int = 3000 fb −1 .
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